














COHEN AND DURFOR

The tremie pipes, each 3 inches in diameter, extend
about 3 feet into the filterpack. These pipes will be
used for continuous monitoring of the height of the
filterpack, and, if necessary, for adding additional filter-
pack material to the annular space.

The 3 dry wells range in depth from 40 to 150 feet.
The deepest dry well will accommodate the counter-
weight of a float-operated recorder that will monitor
the water level in the annular-space observation well.
The other 2 dry wells are for the counterweights of 2
instruments that will be used for monitoring the level
of the filterpack in the tremie pipes.

A 50-horsepower turbine pump having an intake
setting at 150 feet below land surface will be installed
mm the injection casing. The pump will be used in
redeveloping the well after the injection experiments,
in obtaining water samples for chemical and bacteriol-
ogical analysis before and after the tests, and in study-
ing the hydraulic effects of the recharge experiments
on the well and the adjacent aquifer material—especial-
ly changes in permeability caused by clogging.

CHEMICAL AND PHYSICAL PROPERTIES OF MATERIALS
USED IN THE WELL

The chemical properties of materials used in con-
structing the well were of special concern. On Long
Island, since 1933, the drilling of industrial wells that
yield more than 100,000 gallons per day has been pro-
hibited by law unless the water is returned to the
ground through “diffusion” wells or other approved
structures (Johnson, 1948, p. 1160-1161). According-
ly, hundreds of recharge wells have been constructed.
Many of them have failed because of chemical and
biochemical reactions involving iron — that is, iron
naturally in solution in the ground water, iron com-
pounds (mainly FeS;) in the aquifer materials, and
iron in the mild-steel casings and pumps. Thus, in
order to facilitate studies of corrosion, encrustation,
and clogging—especially those involving the chemistry
of iron—it was decided that, insofar as possible and
practical, mild steel would not be used to construct and
equip the experimental well.

Materials that were considered for the casings and
other pipes in the well were stainless steel, vinyl-coated
aluminum, mild steel coated with chemically stable
liners such as epoxy resin and coal-tar enamel, poly-
vinyl chloride, fiberglass reinforced with epoxy or
polyester resin (hereafter referred to as “fiberglass”),
and asbestos cement. In addition to chemical proper-
ties, the other major factors that were considered were
the strength of the material, its adaptability for use in
well construction, and its cost. After considering these
and other factors, the writers decided that fiberglass
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pipe, with watertight quick-disconnect couplings, would
be the most satisfactory material for the casings and
for most of the other pipes of the experimental well.
Polyvinyl-chloride pipes were chosen for the dry wells.

The tensile strength of fiberglass pipe is closely
related to the geometry of the fiberglass windings and is
ordinarily much greater than that required in well
construction. For example, the 18-inch-diameter
fiberglass injection casing reportedly can withstand a
pull of more than 250,000 pounds; the quick-disconnect
couplings used to join the 40-foot lengths of 18-inch
fiberglass pipe were designed to withstand a pull of
100,000 pounds. Similarly, the ability of the fiberglass
pipe to withstand internal pressure exceeds the internal
pressures anticipated during the planned experiments
by more than an order of magnitude. The major
element of concern regarding the strength of the
fiberglass pipe, therefore, was its collapse pressure, or
its ability to withstand differential external circumfer-
ential pressure.

Differential external pressure exerted on the casings
by a given thickness of saturated porous deposits in
which static ground-water levels are about at land
surface (as is the case at the site of the experimental
well) was estimated from the equation

P_K(Ws—Ww)h,
=T 14

where

P=differential external pressure, in pounds per
square inch,

K=a dimensionless constant dependent mainly
on the angle of internal friction of the
material,

Ws=dry weight of the porous material, in pounds
per cubic foot,
Wuw=weight of water, in 1b per cu ft, and
h=the height of the column of material, in feet.

The dry weight of the deposits was assumed to be
130 1b per cu ft. As a safety factor in the design of
the casings and pipes, it was assumed that A would be
equal to 0.50—that is, that the casings would have to
withstand differential external pressure equivalent to
at least half the weight of the column of saturated
material. Curve 1 in figure 2 shows the differential
external pressure to which the casings would be subject
if the preceding assumptions are fulfilled. The curve
shows that the maximum pressure on the bottom of the
18-inch casing (418 feet below land surface) that would
result from the weight of the overlying saturated de-
posits is about 100 pounds per square inch.

If the injection screen should become severely clogged
during an injection experiment, the water level in the
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Figure 2.—Relation between the differential external pressures
exerted on a casing and the height of a column of enclosing
material. Curve 1 shows the pressure exerted by saturated
sedimentary deposits. Curve 2 shows the pressure exerted by
the saturated deposits plus differential hydrostatic pressure
that would result if the well clogged during pumping (dis-
charge) and the water level in the casing were drawn down
to the pump intake. Curve 3 shows the pressure exerted by
liquid cement grout weighing 150 lbs per cu ft.

injection casing might decline to the level of the pump
intake (150 feet below land surface) during the pump-
ing phases of the experiment. Under this condition,
the difference between water levels inside and outside
the casing, equivalent to.a hydrostatic head of 150 feet,
could cause a maximum differential external pressure
on the casing wall of about 65 psi. The resulting dif-
ferential pressure would increase (at a rate of about
0.43 psi per foot of depth) from zero at the land sur-
face to about 65 psi at a depth of 150 feet and would
remain constant below that depth. The sum of the
differential external pressure resulting from the weight
of the saturated deposits plus that resulting from pump-
ing when the screen is severely clogged is shown as
curve 2 in figure 2. The maximum differential -pres-
sure on the lowest parts of the casings and pipes from
these causes would be about 160 psi.

After the annular space above the filterpack was
filled with cement grout, only the lower few feet of the
casings and pipes would be subjected to the pressures
described in the foregoing paragraph; the remaining
portions would be encased in cement and thereby would
be protected. During the grouting procedure, however,
the casings and pipes below a depth of 150 feet
could have been subjected to an even greater pressure
than that shown in curve 2 of figure 2. Before the
cement hardened, the column of grout, which might
weigh as much as 150 1b per cu ft, could have caused a
differential pressure of about 0.6 psi per foot of column,
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or about 260 psi at the bottom of the casing (curve 3 of
figure 2).

If the fiberglass pipe is assumed to have the physical
properties of a thin-walled elastic tube, the collapse
pressure (the differential external pressure at which the
pipe would fail) can be computed from the equation
(Roark, 1965, p. 354)

om0 () (2)

C=collapse pressure, in psi,
E=Dbulkmodulus of elasticity, in pounds per square
inch,
p=Poisson’s ratio,
t=wall thickness of the pipe, in inches, and
r=radius of the pipe, in inches.

where

The bulk modulus of elasticity of the fiberglass pipe
used in the well is about 4 million psi; Poisson’s ratio
for the material is about 0.20.

It is apparent from the formula that the collapse
pressure of the fiberglass pipe is directly proportional
to the cube of the wall thickness and is inversely pro-
portional to the cube of the radius of the pipe. Inas-
much as the cost of the fiberglass pipe is roughly pro-
portional to the volume of fiberglass and resin, the use
of pipes having the smallest possible wall thickness
consistent with the collapse-pressure requirements was
advantageous. Therefore, the contractor was required
to pour the cement grout in two distinct phases—
allowing sufficient time for the first batch to harden
before adding the remainder of the cement. The
casings and pipes were thereby subjected to only half
the differential external pressure (about 130 psi) that
would have resulted if the entire column of cement
grout had been poured at one time and if the entire
column had remained fluid for a finite period of time.

The wall thicknesses, computed collapse pressures,
and other pertinent data regarding the fiberglass casing
and pipes are summarized in table 1. The 18-inch

TaBLE 1.—Dimensions and collapse pressures of fiberglass pipes
used in the Bay Park experimental injection well

Nominal Wall Collapse
Designation of pipe diameter | thickness | pressure
(inches) (inches) (psi)
Injection casing__ _______________ 18 0. 55 240
Annular-space observation-well
casing - ______.___.___._ 4 .15 440
Injection pipe._ - ... _____.___ 4 .12 220
Tremie pipes.. - _________ 3 .11 405
Pressure-measuring pipe_.___.____ 1 1 06 1, 800

1 Standard wall thickness gvailable from the factory.

s
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casing was made of fiberglass reinforced with polyester
resin; the other casing and pipes listed in the table
were made of fiberglass reinforced with epoxy resin.

The screens of the injection well and the annular-
space observation well are of the continuous wire-
wrapped type and are made of type-304 stainless steel.
The sand traps and the related fittings are also made
of type-304 stainless steel. The slot sizes of the screens
are 0.060 inch. This size was chosen in order to retain
about 80 percent of the filterpack, which consists of
about 71 percent very coarse sand and about 28 percent
very fine gravel. The filterpack consists almost entire-
ly of subrounded, moderately spherical particles of
quartz, chert, and quartzite; it has a very high labora-
tory coeflicient of permeability—about 18,000 gallons
per day per square foot. Preliminary pumping-test
data indicate that the screen and gravel pack are high-
ly efficient and that well losses are minimal. The well
had a specific capacity of 35 gallons per minute per
foot of drawdown after 8 hours of pumping at a rate
of 1,000 gpm. " During development, the well had simi-
lar specific capacities after somewhat shorter periods
of pumping at various rates ranging up to about 2,500
gpm. Even at the highest rate of pumping, the well
yielded water that was virtually sediment free after
only a few days of development.

Clarke (1963, p. 39) describes a successful experi-
mental, gun-perforated small-diameter, fiberglass well,
1,000 feet in depth, in Libya. In addition, more than

D257

400 wells equipped with 10-inch-diameter fiberglass
casings and saw-slotted fiberglass screens reportedly
have been completed in Pakistan during 1964-65. To
the best of the writers’ knowledge, however, the ex-
perimental well described in this report is the first
water well constructed in the Western Hemisphere that
has a fiberglass casing; and, the only water well in the
world (as of 1965) that has multiple fiberglass casings
and pipes, and a fiberglass casing as large as 18 inches
in diameter.

Despite the fact that fiberglass presently is 2 to 4
times more expensive than mild steel, its use in experi-
mental wells involving multiple casings and complex
construction problems, and its use in special-purpose
wells in highly corrosive environments, seems to be
justified on the basis of the experience gained during
the construction of the Bay Park injection well.
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FLUOROMETRIC ANALYSIS OF THE ALUMINUM ION IN NATURAL WATERS

By DONALD E. DONALDSON, Menlo Park, Calit.

Abstract.—Aluminum ions combine with Pontachrome Blue
Black R (PBBR) at a pH of 4.8 to form a fluorescent complex
which serves for quantitative determination of aluminum. The
method is sensitive to 0.002 ppm of aluminum. Up to 8 ppmr of
flioride can be tolerated. Bathophenanthroline retards the
ferrous and ferric ions. The amount of dye necessary to com-
plex the most concentrated aluminum standard was 0.50 mg
per 50 ml solution. The AI-PBBR complex reaches full fluor-
escent development in 65 minutes. The interfering ions in the
determination of aluminum by this method are Fe, Ga, Co, UQ;,
Cu, Ti, and Ni.

PREVIOUS FLUOROMETRIC INVESTIGATIONS ON
ALUMINUM

The fluorescence resulting from the presence of alu-
minum in solutions containing certain organic dyes
offers promise for the quantitative determination of
small concentrations of aluminum. Weissler and
White (1946) reported that Pontachrome Blue Black
R (PBBR) is suitable for a fluorescent reagent for the
quantitative measurement of aluminum in steel, bronze,
and minerals. Simons and others (1953) used the same
reagent to measure parts per billion aluminum content
in the surface waters of the Gulf of Mexico and the
Atlantic Ocean. Will (1961) reported that the dye
material, morin (2’,3,4",5,7) -pentahydroxyflavone), was
a useful reagent for the measurement of aluminum in
the parts per billion range in high-purity boiler con-
densates. Rubins and Hagstrom (1959) reported using
8-quinolinol in the quantitative determination of alu-
minum in plant tissue.

The morin and PBBR dyes have both been used
for determining small quantities of aluminum in natu-
ral waters. The morin reagent is more sensitive to
aluminum than is PBBR; however, as is mentioned
by White and Lowe (1940), the morin method requires
more control over the concentration of dye, tempera-
ture, and pH than is needed for PBBR. Will (1961)
reported that low concentrations of fluoride and phos-
phate, 5 ppb and 20 ppb, respectively, interfere in the
morin method. The Pontachrome procedure was

judged superior because it is less subject to fluoride
and phosphate interference. Both methods are sub-
ject to interference from iron. A method of overcom-
ing this interference for the PBBR procedure has been
developed.

APPARATUS AND REAGENTS

A Turner fluorometer, model 111 was used to make
the fluorometric measurements. The instrument was
equipped with a general-purpose ultraviolet lamp. A
Turner 1-60 +58 filter combination was used for exci-
tation (546 millimicrons) and a Turner filter No. 23A
(570 mu) was used for fluorescence. Calibrated pyrex
test tubes (12 mm X 75 mm) were used for sample
cells in the instrument. ‘

Measurements of pH were made with Beckman
models N and M4C radiometer pH meters.

All glassware was washed in hot water with deter-
gent and thoroughly rinsed with distilled water. The
glassware was then treated with 1:1 reagent-grade hy-
drochloric acid, rinsed with distilled water, and finally
with de-ionized water. Special attention to cleaning
is necessary in trace constituent work to obtain con-
sistent results.

De-ionized water. The water used to prepare all solutions was
first distilled in a Barnstead still and then passed through an
Amberlite MB-1 ion-exchange resin.

Aluminum stock solution. 1 milliliter = 10 micrograms of Al+3.
Dissolve 0.1758 grams of reagent grade AIK(80,), 12H,0 in
de-ionized water containing 1-2 ml of concentrated sulfuric
acid. Dilute to 1 liter.

Aluminum working solution. 1 ml = 1.0 ug of Al+3. Dilute 10
ml of the aluminum stock solution of 100 ml with de-ionized
water. A fresh solution was prepared prior to each analysis.

Acetic acid, 0.885M. Dilute 200 ml of reagent-grade glacial
dcetic acid to 4 liters with de-ionized water.

Ammonium acetate, 6.49). Dissolve 500 g of reagent-grade
ammonium acetate in 1 liter of de-ionized water.

Ethyl alcohol, 95 percent. Redistilled in an all-glass still. Un-
distilled ethyl alcohol contains trace contaminants which in
turn fluoresce at the wavelengths employed in the analysis.

U.S. GEOL. SURVEY PROF. PAPER 550-D, PAGES D258-D261

D258



DONALDSON

Bathophenanthroline, 0.0015M. Dissolve 125 milligrams of
bathophenanthroline (G. F. Smith Chemical Co., Columbus,
Ohio) in 250 ml of 95-percent distilled ethyl alcohol. Store
in refrigerator. The solution is stable for approximately a
month under these conditions.

Pontachrome Blue Black R, 1 ml=1.00 mg. Dissolve 1.000 g of
reagent-grade Pontachrome Blue Black R (E. I. DuPont de
Nemours and Co., Wilmington, Del.) in 1 liter of distilled
ethyl alcohol. This solution is stable for several months. As
o substitute, Superchrome Blue B Extra (National Aniline
Div.) was tested and found to be suitable for the procedure.
The DuPont company also manufactures Pontachrome Blue

Black RM which is reportedly the same as PBBR.

ANALYTICAL PROCEDURE

1. Pipet a volume of sample containing less than 5.0 ug of Al-+3
(25 ml maximum) into a 100-ml beaker.

2. Prepare two aluminum-free blanks from de-ionized water
and sufficient standards (1.0 ug to 5.0 ug of Al+3).

3. Add 5.0 ml of 0.885M acetic acid to each solution and heat
for 2 hours just below the boiling temperature on a hotplate.
4. Cool the solutions to room temperature and add 1.0 ml of
6.49M ammonium acetate solution. The pH of the solutions
should be between 4.6 and 4.8. If necessary, adjust the pH
with 0.885M acetic acid. .

. Transfer each solution quantitatively into a 50-ml volu-

metric flask. :

6. If iron is present, add 0.5 ml of 0.0015M bathophenanthro-
line. In the presence of iron, bathophenanthroline will yield
a reddish color.

7. To each of the solutions add 0.5 ml of PBBR solution and
bring all volumes to the 50-ml mark with de-ionized water
and mix thoroughly.

8. Allow all the solutions to stand for 2 hours at room tempera-
ture. The AI-PBBR complex is stable for at least a week.

9. Measure the fluorescence intensity of each solution using
the described filter system.

10. Plot fluorescence intensity readings against the aluminum
concentration of standards and calculate aluminum concen-
trations of samples from the curve.

Typical fluorescence readings of standards are

ug Al +3/50 m]

ot

Fluorescent intensity (slit X 10)

0.0 .. : 2.0
Lo . 19.0
2.0 e 38.0
B 0. il 52.0
4.0 s LI 68 -
T 86 ..

- FACTORS AFFECTING FLUORESCENCE

Analytical methods based on fluorescence excited by
ultraviolet radiation are subject to interferences which
may either increase or decrease the fluorescence inten-
sity. The amounts of reagents, pH, and time of stand-
ing after addition of reagents also may influence the
results. Optimum conditions for the PBBR procedure
have been determined by experiments.

Fluorescence as a fumction of dye concentration.—
Two series of samples were prepared in 50-ml volume-
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tric flasks using constant amounts of aluminum (4.0
ng of Al+3). The pH in one group was adjusted to 4.80
with ammonium acetate and acetic acid. In the other
group, the pH was adjusted to 4.55. The dye concen-
tration was varied from sample to sample, so as to
give a range of 0.0 mg to 1.25 mg. After 2 hours
standing, fluorescence was attained using 0.25 mg to
0.50 mg of dye at pH 4.80. At pH 4.55, maximum
fluorescence was reached between 0.35 mg and 0.60 mg.

Fluorescence as a function of pH.—Twelve solutions
were prepared ; each solution contained an equal amount
of aluminum (4.0 pg of Al1+3). The pH of the samples
was adjusted to values ranging from 4.0 to 6.0 with
varying amounts of acetic acid and ammonium acetate.
The solutions were then treated with 0.5 mg of PBBR
solution, made up to 50 ml, and allowed to stand 2
hours. The pH and fluorescence of each sample was
then measured. Under these conditions, the optimum
pH is between 4.6 and 4.8.

Fluorescence as a function of time.—Five test solu-
tions were prepared according to the analytical proce-’
dure. The first of the test solutions contained 0.25
mg of PBBR dye, the second, 0.50 mg, the third, 0.75
mg, the fourth, 1.00 mg, and the fifth, 1.24 mg. The
samples were allowed to stand 15 minutes prior to the
initial reading. The time required for stability of
fluorescence was approximately 50 minutes for those
samples containing 0.50 mg to 0.75 mg of dye. The
fluorescence of the sample containing 0.25 mg con-
tinued to increase and finally went off the scale. For
concentrations of 1.0 mg to 1.25 mg of PBBR, the sys-
tem stabilized at approximately 65 minutes. After,
these 2 solutions had stood 168 hours, the fluorescence
measured was nearly the same as at 65 minutes.

The effect of interfering sons on fluorescence—
Weissler and White (1946) reported that ferric ions
destroy the fluorescence produced by the Al-PBBR
complex. They overcame the interference of iron as
well as that of copper, nickel, chromium, and cobalt
by mercury cathode electrolysis. Ishibashi and others
(1957) reported that other interfering ions in the
Pontachrome Blue Black R method were Fe+3, Ga,
Co, and vanadic acid, and that large amounts of Cu,, Ti,
and Ni interfere seriously. Possidoni de Albinati
(1963) studied the effects of 70 different elements on
the. PBBR method. Among those ions creating a
serious problem were Cut?, Fet?, Fet:, Co+?, NO.™,
Bi+*, and F-*. Amounts of most of these ions that
occur commonly in natural waters are too small to
merit concern. However, ferrous and ferric iron may
constitute serious interferences. Of the two iron spe-
cies, the ferrous iron appears to have a more disturb-
ing influence on the system. Bathophenanthroline and
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TABLE 1.—The effects of bathophenanthroline on aluminum
recovery in the presence of iron

Bathophen- Al+3 Al+d
Ratio anthroline added (ug) |recovered (ug)
0.0015M (ml)
Al+3: Fet3
1:200 .. 0 0. 50 0. 36
1:20. .. 0 . 50 .44
1:20. . .5 . 50 .52
106 . 0 1. 00 1.18
1:100 o ____ 0 1. 00 1.35
1:16. . 0 1. 00 1.35
1:20 . 0 1. 00 1.23
1:26 . 0 1. 00 . 80
1:30 . 0 1. 00 .19
Alt3:Fet?

15 - 5 1. 00 . 98
1:10- . .5 1. 00 . 98
1:16 . .5 1. 00 . 98
1:200 . .5 1. 00 .98
1:26 . .5 1. 00 .95
1:30 .. .5 1. 00 . 86
5 .5 1.0 .91
16 C .5 1.0 .97
1:16. . .5 1.0 1.0

TaBLE 2.— Tolerance to diverse ions in the aluminum determination

by PBBR
Maximum Maximum
Ion tolerance Ion tolerance
(ppm) (ppm)
Boron_____.______ 100 Manganese.._____ 4.0
Caleium_________ 800 Strontium___.____ 250
Fluoride____.____ 8.0 || Sulfate_.__.___._ 1, 000
Magnesium______ 200 Nitrate_______._._ 40
Potassium.______ 1, 000 Phosphate_______ 8
Sodium___._______ 1, 000

possibly tartaric acid can be used to decrease the inter-
ference of iron, as illustrated in table 1. The experi-
mental data shows that bathophenanthroline will elim-
inate interference from iron when the ratio Fe/Al is
as great as 25.

Table 2 indicates the maximum concentrations of
other elements normally found in natural waters which
may be tolerated in the aluminum determination by
PBBR.

SOLUTIONS OF ALUMINUM HYDROXIDE POLYMER

Most procedures for determining aluminum fail
when the element is present as a hydroxide polymer.
To obtain the aluminum hydroxide polymer, a solu-
tion of aluminum perchlorate was treated with sodium
hydroxide in an amount sufficient to give a ratio of
aluminum combined to OH— of slightly over 1:3.
After this material was aged for 10 days, the solution
was free from any visible precipitate or turbidity.

ANALYSIS OF WATER

The solution at the time of preparation contained 12.4
parts per million of aluminum. The pH of the solu-
tion at the time of analysis was 6.25. To determine
the .amount of aluminum present, 1-ml aliquots of the
aged solution were pipetted into a series of thirteen
100-ml beakers. Acetic acid, 0.6/, was added in vary-
ing amounts to the last 10 samples of the test group.
The first three samples contained no acid, only test
solution. The samples were treated with enough de-
ionized water to bring all volumes to approximately
80 ml. All solutions, including those not treated with
acid, were heated on a hot plate 2 hours and cooled to
room temperature. The samples were transferred
quantitatively to 100-ml volumetric flasks and diluted
to mark with de-ionized water. Fluorometric analysis
was performed on the samples to measure the alumi-
num present. The results in table 3 show that approx-
imately one-sixth of the aluminum originally present
was determined in the unacidified samples, but that
the acid and heat treatment generally brought all or
most of the aluminum to a state where it could be
determined.

TaBLE 3.—The effects of varying amounts of 0.6M acelic acid on
the aluminum hydrozide polymer

Sample 0.6 acetic Al Al+3 re-

acid (ml) |present (ppm) |covered (ppm)
) 0 12. 4 1.8
2 .. 0 12. 4 2.0
B 0 12. 4 1.8
S U 10 12. 4 12, 2
3 J S, 20 12. 4 12. 4
6 .. 30 12. 4 11. 6
T o oo 40 12. 4 12. 4
- 5 12. 4 10. 0
L 2P 15 12. 4 12. 4
100 oo 25 12. 4 10. 9
11 - 40 12. 4 12, 4
12 e 60 12. 4 11. 4
18 e 80 12. 4 12. 8

EXPERIMENTAL RESULTS

Recovery of added aluminum by PBBR.—An ex-
periment was performed to determine the aluminum
recoverable from spiked tap water using the described
analytical procedure. Eight solutions were prepared
using tap water as the diluting agent. The pH of
the samples prior to the addition of varying amounts
of aluminum was 8.9. The first solution was analyzed
to determine the amount of aluminum present. To
the other 7 solutions varying amounts of aluminum
were added so that a range of 0.01 ppm to 1.0 ppm
of Alt? existed. Fluorometric analysis indicated that
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TABLE 4.—Recovery of added aluminum by PBBR from spiked
tap water .
Al+3 Al+s Al# Al
Sample added recovered Sample added recovered
(ppm) (ppm) (ppm) (ppm)
) U 0. 000 0.006 || 6_..-—-_. 0. 070 0. 072
b7, . 010 016 | T . 100 . 102
S, . 020 025 || 8o . 150 . 161
L S, . 040 L046 | 9. 1. 000 . 950
[ J . 060 . 060

0.006 ppm of Al+® was present in the tap water ini-
tially (table 4).

Fluorometric analysis wversus spectrophotometric
analysis.—Three samples containing unknown amounts
of aluminum were analyzed by three chemists. One
chemist determined aluminum on the three unknown
solutions using the Ferron procedure as described by
Rainwater and Thatcher (1960, p. 97). Another
chemist used Eriochrome Cyanine RC. A third chem-
ist measured aluminum using two different fluoro-
metric procedures, namely, the Pontachrome (PBBR)
method and the morin method. The results are shown
in table 5.

CONCLUSIONS

The fluorometric determination of aluminum using
Pontachrome Blue Black R has proved to be a reliable
and sensitive method. The minimum detectable concen-
tration of aluminum is 0.002 ppm. The procedure
i1s simple and rapid. Consistency in the addition of
the reagents, control of pH, and time regulation
have led to reproducible and accurate results.

R
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TABLE 5.—Fluorometric analysis versus spectrophotometric analysis
[Results in parts per million of Al+3}

Spectro-
photometric Fluorometric analysis
Sample analysis Eriochrome
Cyanine RC
Ferron PBBR Morin
) 0. 14 0.17 0. 16 0.18
2. .32 .23 .31 .33
B 1. 20 1. 20 1.21 1. 21
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petrology, west-central part._
stratigraphy, Alaska Penin-

Algae, found with early erect
plants, Maine_...__.._.______
Alluvium, effect of radioactive
wastes on. oo __..o.__
Aluminum ion, determination in
natural water_______________
Antarctica, geochronology, West
Antarctica__________________
Apatite, solubility in sea water__
Aquifers, approximation of steady
linear flow in. . ___________.__
correlation, Texas-Louisiana

Ariadnaesporiles cristatus n. sp.,
Cretaceous age, Alabama_____
Arizona, volcanic stratigraphy,
southeastern part____________
Artificial recharge, new type well,
New Yorkooo oo

Basalt, eclogite in, Hawaii______
submarine, palagonitization_
southwest of Hawaii. . _

Belt Series, Montana, phospho-

Botanical evidence for stream
erosion, Utah. ... ________
Breccias, in volcanic rocks, Ari-
P73 oV W
Brick clay, potential source,
Maryland. . ... ____.___
Brines, occurrence in Great Ba-

California, geophysics, south-
eastern part. ... __._____
quality of water, Great Ba-

Sin. ool

thrust faults, Inyo County.
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D190

76

195
158

53
69
250
258

190
178

214
231
76
12

253

151
163
104
199

83

12
203

237

125

237
23

Cambrian, Massachusetts—New
York, structural geology - - - -
Canada. See Quebec.
Carbon-14 age, mollusk shells,
Kentucky - - . ___________
Clark Mountains, Antarctica,
geochronology - - - ___________
Clay, brick, potential source in
Maryland_ ... ___.___
Climbing-ripple  structure, in
sand and silt._______________
Colorado, ground water, north-
eastern part_ _______________
stratigraphy, MoffatCounty_

structural geology, Aspen
720 JY: WP
Connecticut, glacial geology,

northeastern part..__________
Copper, concentration in soils,

Covey Hill, New York-Quebec,
structural geology - - . _______
Cretaceous, Alabama, spores___.
Alaska, petrology of plu-

stratigraphy .. ________
Maryland, brick clay_..__.
Puerto Rico, voleanic petrol-

Crustal studies, seismic refrac-
tion, California-Nevada..____

Dalles Formation, Washington-
Oregon, stratigraphy__._.______
Diabase, magnetic properties,
effect of magmatic differentia-

Diatoms, distribution in fresh-
water lake. . ________________
Disposal, radioactive wastes, in
crystalline rocks_____________
Drilling methods, effect on trans-

missibility and permeability

determinations_.____________
E

Earth tremors, Utah, seismic

studies_ .. _______.___.
Eclogite, in basalt, Hawaii______
Electron microscope, scanning
type, advantages_ ___________
Elk Range thrust sheet, Colo-
rado, possible window in_____
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D39

87

190

203

94

217
64

89

186

35

76"

158

53
203
172

125

59

109

242

223

228

132
151

209

Page
Eohostimella, n. genus, Silurian
plant_ _ ___________ .. _. D69
Erosion, stream, botanical evi-
dence.___ - _____.___ 83
Everett Formation, Massachu-
setts-New York, structural
ZeOlOgY - - oo oo 39
Exotic blocks, in volcanic rocks,
Arizona._ _______.______.___ 12
F
Faults, thrust type, California—
Nevada._ _ .. _________ 23
Flow, steady linear, approxima-
tion in confined aquifer- .. ___ 214
Fluorapatite, solubility in sea
water_ L. e o- 178
Fluorometric analysis, for alumi-
num ion in water-______.____. 258
Folds, stream-anticline type,
Kentucky - - .o .__ 9
Fracture zones, in crystalline
rock, South Carolina_________ 223
Frenchville Formation, Maine,
paleobotany - - __.___________ 69
G
Gabbro, Precambrian, magneti-
gation ... _________ 117
Geochemical prospecting, base
metals, in soils__.________.___ 186
Geochronology. See Carbon-14
age, Potassium-argon age,
Rubidium-strontium age.
Glacial deposits. See Outwash,
Till.
Grandfather Mountain area,
North Carolina, phyllonites... 144
Great Basin, quality of ground
Water_ - oo 237
H
Hawaii, eclogite in basalt, island
of OQahu__ ... 151
submarine volcanic rocks,
offshore area....______ 104, 163
I
Idaho, quality of water, Great
Basin. oo~ 237
Indiana, limnology, Lagrange
County - - o omo e 242
D263



D264

Injection well, new design, New

Kaguyak Formation, Alaska,
stratigraphy . . _____________
Kamishak Hills, Alaska, stratig-

structural geology, central
part_ . _____

L

Lake Paducah, Kentucky, age
determination_______________
Lakes, fresh-water, winter phyto-
plankton___________________
Last Chance thrust, California__
Lead, concentration in soils,

Limnology, winter phytoplank-
ton in fresh-water lake__._____
Linear flow, steady, approxima-
tion in confined aquifer______
Louisiana, ground water, south-
western part._ - ________.___

Magmatic differentiation effect
on magnetic properties of dia-

Magnetic studies, diabase sheets,
Pennsylvania_ - _____._______
gabbro, Wisconsin________.
Maine, paleobotany, Aroostook

Maryland, brick clay, near Wash-
.. ington, D.C_______._______.
Massachusetts, structural geol-
ogy, southwestern part.______
Mesozoiec, Arizona, volcanic
stratigraphy . - _____________
See also Triassic, Cretaceous.
Metamorphism, retrogressive,
formation of phyllonites___
Methods and techniques, use of
scanning electron microscope
in geologic studies___________
Michigan, geochemical prospect-
ing, Upper Peninsula_________
Microscope, electron seanning
type, advantages_. ___________
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163

53
53
87

47

87

242
23

186

47
242
214

231

109

109
117

69

203 .

39

144

209
186

209
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See also Cambrian, Ordovi-
cian, Silurian, Mississip-
pian, Pennsylvanian, Per-
mian.

Page
Miocene, Texas-Louisiana, ground
water. ___________________. D231
Mississippian, Virginia, stratig-
raphy. . ___._ 47
Moenkopi Formation, Colorado—
Utah, stratigraphy___._.__.__ 64
Montana, phosphorite, western
part. o __. 199
N
Nebraska, ground water, western
part_ . 217
Nevada, geophysics, Nevada
Test Site_ _.__._________._ 125, 138
quality of water, Great
Basin..___._________.___ 237
thrust faults, southern part. 23
New Mexico, radioactive-waste
disposal, Los Alamos___.______ 250
New River Formation, Virginia,
stratigraphy . _ - . _______.___. 47
New York, new-type injection
well, Long Island.____._______ 253
structural geology, northern
Lake Champlain area____ 35
southeastern part__.___ 39
North  Carolina, phyllonites,
Grandfather Mountain area_. 144
o
Ohio, ground water, southern
part_ . - 228
Oligocene, Alaska, geochronology - -+ 195
Wyoming-Colorado-Nebras-
ka, ground water________ 217
Ordovician, Kentucky, stream
anticlines__________________. 9
Massachusetts-New York,
structural geology - - _____ 39
Oregon, quality of water, Great
Basin________________._____ 237
stratigraphy, Columbia Riv-
erarea. . ___ ... -_____- 359
Outwash, effect of drilling meth-
ods and direction of flow on
transmissibility and perme-
ability determinations. ... ___ 228
|P P
- Pacific Ocean, basalt, palagoni-
tization___________ . 163
voleanic rocks, near Hawali_ 104
Palagonitization, submarine ba-
salt. . 163
Paleomagnetism, Precambrian
gabbro, Wisconsin___________ 117
Paleozoic; California-Nevada,
thrust faults_ .. ____.________ 23

Palynology, Cretaceous spores,
Park City Formation, Colorado-
Utah, stratigraphy__________
Pennington Group or Formation,
Virginia, stratigraphy_._._____
Pennsylvania, magnetic studies,
southeastern part___________
Pennsylvanian, Colorado, struc-
tural geology . - . __________
Virginia, stratigraphy______
Permeability, of outwash, effect
of drilling methods and direc-
tion of flow on determination_
Permian, Colorado, structural
geology _ _ . _ . ______.____:___
Colorado-Utah, stratigraphy.
Phosphorite, Precambrian, in
Montana____________.___._.__
solubility in sea water_____
Phyllonites, formation_ .. __.____
Phytoplankton, winter, in fresh-
water lake..________________
Plant fossils, Maine, early erect

Pleistocene, Connecticut, two-till
locality . - _ . ..
Kentucky, geochronology__
Texas-Louisiana, ground

Pocahontas Formation, Virginia,
stratigraphy .- - . _.______..
Pontachrome Blue Black R, in
determination of aluminum in
water_ ________ - -__-
Potassium-argon age, Cretaceous
intrusive rocks, Alaska______.
Mesozoi¢c adamellite, Ant-
arctica_ _ ________-______
Oligocene granite, Alaska___
Precambrian, Montana, phos-
phorite._____ .. _

Wisconsin; magnetization of -

Pretty Lake, Indiana, limnology .
Prince William Sound region,
Alaska, geochronology . - ... _.

" Puerto Rico, volcanic rocks,
north-central part___________
Q

Quaternary, Hawaii, eclogite in

Maryland, brick clay______
Quebec, structural geology, Lake
Champlain area__________.__.
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195
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203
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Radioactive-waste disposal, in
alluvium_ ... ____
in crystalline rocks_ _______
Radiocarbon age. See¢ Carbon-
14 age.
Refraction seismology, use in
study of earth tremors, Utah_
Ripple drift structure, in sand
and silt_ . ___________.______
Rubidium-strontium, age, Meso-
zoic adamellite, Antarctica.. . _

S

Savannah River Plant, South
Carolina, ground water___.____
Scanning electron microscope, use
in geologic studies......_____
Sea water, solubility of apatite

Sedimentary structures, climb-
ing-ripple lamination.________
Seismic-refraction studies, Cali-
fornia-Nevada_ ... _.._.__.__.

Seismic studies, determination of
stress relief of granite in
tunnels__________________.__

Silurian, Maine, paleobotany ___

Soils, use in geochemical prospect-
ing for base metals__________

Solubility studies, apatite in sea
water___________________.__

South Carolina, ground water,
south-central part. ___.._____

Spores, Cretaceous age, Ala-
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132
94

190

223
209
178

94
125

132

138

69
186
178

223
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Stockbridge Formation, Massa-
chusetts—New York, structural
geology - - - ...

Stream anticlines, in central
Kentucky _ ____ . ____________

Stress relief, in granite, in tun-

Techniques and methods. See
Methods and techniques.

Tertiary. See Oligocene, Mio-
cene, Pliocene.

Texas, ground water, southeast-
ernpart____________ . ______

Till, glacial, Connecticut_ ______

Transmissibility, of outwash, ef-
fect of drilling methods and
direction of flow on determina-

Trees, as indicators of stream
erosion. .. ... ____._.____
Triassic, Colorado-Utah, stratig-
raphy. .=
Pennsylvania, magnetic
studies. ... _____________
Tunnels, in granite, stress relief _
Tuscaloosa Formation, Alabama,
SPOTCS . m o oo

v
Utah, geomorphology, southwest-
ernpart__ .. ________.___.___
quality of water, Great
Basin_.________________
seismic studies, Sunnyside
AT€RA . _ o oo

stratigraphy, Uintah County_
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138

231
89

228

83

64

109
138

76

83

237

132
64
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v

Virginia, stratigraphy, southwest-
ernpart_ . __________._____
Volcanic rocks, Arizona, contain-
ing older breccias and exotic
blocks_ . _.__.___ e
Puerto Rico, petrology.._ ...
submarine, southwest of
Hawaii. _.______________

See also Basalt.

w

Walloomsac Formation, Massa-
chusetts-New York, structural
geology _ - .. _________

Washington, stratigraphy, Col-
umbia River area___________._

Water, aluminum content, deter-
mination_ _________________.

Well, injection-type, new design.

White River Formation, Wyom-
ing-Colorado-Nebraska,
ground water_ ______________

Windows, structural, Colorado. .

Wisconsin; geophysics, Lake Su-
perior area_ _ .. _____________

Wyoming, ground water, south-

Xenoliths, eclogitic, in basalt_ _ _

y 4

Zing, concentration in soils, Mich-
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